The hippocampus and the amygdala are essential components of the neural circuitry mediating stress responses. The hippocampus, which provides negative feedback regulation of the stress response, is particularly vulnerable to degenerative changes caused by chronic stress. Unlike the hippocampus, relatively little is known about how stress affects the amygdala and the nature of its role in the stress response. Hence, we examined the effects of two different models of chronic stress on hippocampal and amygdaloid neuronal morphology in rats. In agreement with previous reports, chronic immobilization stress (CIS) induced dendritic atrophy and debranching in CA3 pyramidal neurons of the hippocampus. In striking contrast, pyramidal and stellate neurons in the basolateral complex of the amygdala exhibited enhanced dendritic arborization in response to the same CIS. Chronic unpredictable stress (CUS), however, had little effect on CA3 pyramidal neurons and induced atrophy only in BLA bipolar neurons. These results indicate that chronic stress can cause contrasting patterns of dendritic remodeling in neurons of the amygdala and hippocampus. Moreover, CIS, but not CUS, reduced open-arm activity in the elevated plus-maze. These findings raise the possibility that certain forms of chronic stress, by affecting specific neuronal elements in the amygdala, may lead to behavioral manifestations of enhanced emotionality. Thus, stressinduced structural plasticity in amygdala neurons may provide a candidate cellular substrate for affective disorders triggered by chronic stress.
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A growing body of evidence has demonstrated that chronic stress can cause hippocampal damage (Uno et al., 1989; McEwen, 1999) . Pioneering studies on how stress and stress hormones affect the rat hippocampus revealed that repeated restraint stress produces significant dendritic remodeling in CA3 pyramidal neurons (Watanabe et al., 1992; Magarinos et al., 1996; Sousa et al., 2000) . This dendritic remodeling is characterized by a reversible shortening and debranching of apical dendrites (Conrad et al., 1996) and is mediated by mechanisms involving high levels of glucocorticoid secretion and activation of excitatory amino acid release (Magarinos and McEwen, 1995b) . These findings have contributed to rodent models of stress-induced neuronal atrophy that may provide one potential explanation for the hippocampal shrinkage associated with post-traumatic stress disorder, recurrent depressive illness, and Cushing's syndrome (Starkman et al., 1992 (Starkman et al., , 1999 Bremner et al., 1995 Bremner et al., , 1997 Sheline et al., 1996; Lupien et al., 1998) .
Over the past decade many studies on stress have focused primarily on the hippocampus, not only because of its susceptibility to stress-related damage but also because of its negative feedback regulation of the stress response via the hypothalamicpituitary-adrenal (HPA) axis (Herman et al., 1989; Jacobson and Sapolsky, 1991; Sapolsky et al., 1991; Herman and Cullinan, 1997) . Although the hippocampus is one of the most intensely studied structures in the stress-inhibitory circuit, other limbic inputs, which are involved in regulating the HPA axis through excitatory inputs, have received less attention. In particular, there is increasing evidence supporting a critical role for the amygdala in fear, anxiety, and activation of the HPA axis (Allen and Allen, 1974; Davis, 1992; Davis et al., 1994; LeDoux, 1994) . Anatomical studies indicate that limbic inputs impinging on the paraventricular nucleus (PVN) of the hypothalamus and hypothalamic GABAergic neurons can be either excitatory from the hippocampus, and thereby enhancing GABAergic tone, or inhibitory from the amygdala, and thereby reducing GABAergic tone (Herman et al., 1989; Jacobson and Sapolsky, 1991; Sapolsky et al., 1991; Pitkanen and Amaral, 1994; Herman and Cullinan, 1997 ). This in turn implies that although enhanced hippocampal input would suppress the HPA axis, enhanced amygdaloid input could have the opposite effect on HPA activity.
As outlined above, one potential difference between the hippocampus and amygdala with respect to the neural circuitry underlying stress comes from their disparate roles in the regulation of the HPA axis. Evidence for another difference comes from behavioral studies demonstrating how stress affects hippocampalor amygdala-dependent learning and memory. In rodents, stress facilitates aversive learning but impairs spatial learning (Shors et al., 1992; Luine et al., 1994) . Although repeated stress that produces dendritic remodeling in the CA3 region impairs hippocampal-dependent learning (Conrad et al., 1996) , the basolateral amygdala has been shown to be essential for stress-induced facilitation of aversive learning (Liang et al., 1994; Shors and Mathew, 1998) .
In view of the potentially contrasting impact of chronic stress on the hippocampus and amygdala at the behavioral level, and the different roles played by these two structures in the neural circuitry of stress, it is important to examine the effects of chronic stress at the level of single neurons. Therefore, we have investigated the effects of two models of chronic stress on the morphology of hippocampal and amygdaloid neurons in rats.
MATERIALS AND METHODS
E xperimental animals. Male Wistar rats were used for chronic unpredictable stress (C US) and chronic immobilization stress (CIS) protocols. At the beginning of the experiments, C US animals weighed 200 -250 gm (2-2.5 months old) and CIS animals weighed 300 -350 gm (3-3.5 months old). All animals (National C entre for Biological Sciences, Bangalore, India) were housed in groups of three with ad libitum access to food and water, unless specified otherwise in stress protocols. Control animals, which were littermates of the stress-treated animals, were housed in separate cages. Animals were maintained in a temperature-controlled room, with a light /dark cycle of 12 hr (lights on at 7:00 A.M.). All procedures related to maintenance and experimentation were in accordance with National Institutes of Health guidelines and approved by the Institutional Animal Ethics Committee.
E xperimental treatment groups. Rats, randomly assigned to experimental groups, were subjected to either CIS or C US for 10 consecutive days. CIS consisted of complete immobilization (2 hr/d, 10 A.M.-noon) in rodent immobilization bags without access to either food or water (Nibuya et al., 1999) . C US involved exposing rats to several types of stressors, which varied from day to day, for a period of 10 d (Ortiz et al., 1996) . Thus, for the C US paradigm, rats were subjected each day to two stressors that were randomly chosen from eight different stressors. The eight stressors were forced swim for 3-4 min, lights on overnight, lights off for 3 hr during the light period of the light /dark cycle, cold stress, social isolation overnight, food and water deprivation overnight, cage movement for 1 hr, and immobilization for 1 hr. Control animals were not subjected to any type of stress. The following additional parameters were measured to monitor the overall effects of the stress paradigms: percentage gain in body weight (net change in weight after experiment ϫ 100/ weight at the beginning of experiment), relative adrenal weight (wet weight of adrenal glands in mg ϫ 100/ body weight in grams), and presence of ulcers on gastric mucosa.
Morpholog ical data anal ysis. After completion of stress protocols, all groups of rats were killed under deep anesthesia. The brain was removed quickly, and blocks of tissue containing the hippocampus and amygdala were dissected and processed for rapid Golgi staining technique as described earlier (Shankaranarayana Rao et al., 2001) . One hemisphere from each brain was used for preparing transverse sections from the dorsal hippocampus, and the other hemisphere was prepared for obtaining coronal sections from the amygdala. For both the hippocampus and amygdala, 120-m-thick sections were obtained using a rotary microtome (Jung RM 2055, Leica) . Sections were collected serially, dehydrated in absolute alcohol, cleared in xylene, and coverslipped. Slides were coded before quantitative analysis, and the code was broken only after the analysis was completed. To be selected for analysis, Golgi-impregnated neurons had to satisf y the following criteria: (1) presence of untruncated dendrites, (2) consistent and dark impregnation along the entire extent of all of the dendrites, and (3) relative isolation from neighboring impregnated neurons to avoid interfering with analysis.
For morphological quantification of hippocampal neurons, 10 pyramidal neurons (five long-shaft and five short-shaft) from each animal were analyzed from area CA3 of the dorsal hippocampus (Fitch et al., 1989) . Three major classes of neurons (pyramidal, stellate, and bipolar/ bitufted) from the basolateral complex of the amygdala (BL A) were selected for analysis on the basis of morphological criteria described in the literature (McDonald, 1982; McDonald, 1992) . Our analysis of BL A neurons was restricted to those located between bregma Ϫ2.0 mm and Ϫ3.2 mm, and these were observed to be evenly distributed across the BL A.
C amera lucida tracings (500ϫ) were obtained (Leitz Orthoplan) from selected neurons and then scanned (eight-bit grayscale TI FF images with 1200 dpi resolution; HP Scan Jet 6200C) along with a calibrated scale for subsequent computerized image analysis. Custom-designed macros embedded in Object Image software (ftp://simon.bio.uva.nl /pub/, an extended version of N IH Image) were used for morphometric analysis of digitized images. Using the center of the soma as reference point, dendritic length and branch points were measured as a f unction of radial distance from the soma by adding up all values in each successive concentric segment (Sholl's analysis; segment diameter: 50 m for CA3 pyramidal neurons, 20 m for BL A neurons) (Shankaranarayana Rao et al., 2001 ).
Elevated plus-maze. The elevated plus-maze, consisting of two opposite open arms (60 ϫ 15 cm, surrounded by 1-cm-high transparent wall) and two enclosed arms (60 ϫ 15 cm, surrounded by a 15-cm-high opaque wall), was elevated 75 cm from ground. Individual trials lasted for 5 min each and were recorded with a video camera for off-line analysis. At the beginning of each trial, animals were placed at the center of the maze, facing an enclosed arm. All trials were conducted between 10 A.M. and 2 P.M., and the maze was cleaned with 5% ethanol solution (v/ v) after each trial.
Statistical anal ysis. Statistical significance for the effects of C US and CIS on dendritic branch points and dendritic length of CA3 pyramidal neurons were analyzed by one-way ANOVA. Because values for dendritic branch points and dendritic length of BL A neurons did not conform to a normal distribution, a more rigorous and stringent nonparametric statistical analysis involving a distribution-free randomized Mann -Whitney test (Potvin and Roff, 1993) was applied to evaluate levels of significance of morphological changes in the amygdala.
RESULTS

Effects of chronic immobilization stress on dendritic morphology of hippocampal CA3 pyramidal neurons
CIS caused a significant decrease in the dendritic length ( p Ͻ 0.01) and the number of branch points ( p Ͻ 0.01) in hippocampal CA3 pyramidal neurons as compared with neurons in control animals ( Table 1 ). Both long-shaft and short-shaft CA3 pyramidal cells showed significant dendritic atrophy after CIS. Moreover, the decrease in total dendritic length and number of branch points was evident in both apical as well as basal dendrites of CA3 pyramidal cells. The atrophy of basal dendrites, however, was not as pronounced as that observed in apical dendrites (Table 1) . Representative camera lucida drawings of control and CIS longshaft CA3 neurons are depicted in Figure 1 B.
To investigate the effects of CIS in greater detail, a segmental analysis was performed to track the changes in dendritic length and branch points as a function of radial distance from the cell soma ( Fig. 1 A) . This analysis demonstrates that CIS induced the most pronounced reduction in both apical dendritic length and number of apical branch points of long-shaft CA3 neurons within a distance of 150 -250 m from the soma. Basal dendritic length was reduced most significantly within the first 150 m from the soma, whereas the most significant decrease in number of basal branch points ( Fig. 1 A, bottom right panel ) occurred within 50 m of the soma. Short-shaft CA3 neurons exhibited a similar pattern of atrophy after CIS (data not shown).
Effects of chronic unpredictable stress on dendritic morphology of CA3 pyramidal neurons
In contrast to CIS, C US was not as effective in causing dendritic atrophy in CA3 pyramidal neurons (Table 1) . We observed several points of difference between the effects induced by CIS and C US. First, the magnitudes of the reduction in total dendritic length and the number of branch points in C UStreated long-shaft CA3 neurons were considerably smaller compared with those elicited by the CIS paradigm. For example, the average percentage change in total apical dendritic length (Ϫ13% from control) ( Table 1 ) and number of apical branch points (Ϫ13% from control) ( Table 1 ) induced by C US was less than half of their corresponding values after CIS (total apical dendritic length: Ϫ29% from control; number of apical branch points: Ϫ31% from control) ( Table 1) . Second, these changes did not have the same degree of statistical significance compared with CIS-induced changes in the same variables. Third, only apical, but not basal, dendrites of long-shaft CA3 cells showed a significant ( p Ͻ 0.05) reduction in both total dendritic length and number of branch points. Finally, al-though short-shaft CA3 neurons exhibited atrophy in both apical and basal dendrites, the magnitudes of the reduction in total dendritic length and number of branch points were almost identical (Table 1) . In contrast, CIS-induced atrophy in apical dendrites was relatively greater compared with basal dendrites (Table 1) .
The relatively smaller effects induced by C US compared with CIS become clearly evident in the more detailed segmental analysis presented in Figure 1C . Unlike the significant CIS-induced atrophy observed at radial distances of 150 -250 m, C US failed to elicit a comparable effect at any distance from the soma. 
Effects of chronic immobilization stress on dendritic morphology of amygdala neurons
Having established the overall efficacy of our chronic stress protocols in eliciting patterns of dendritic atrophy in hippocampal CA3 pyramidal neurons that are qualitatively similar to those reported previously, we next analyzed morphological effects of CIS on Golgi-impregnated amygdala neurons in the same animals. Changes in dendritic length and number of branch points in control and CIS-treated neurons in the BLA were analyzed using the same methods applied to the hippocampal neurons. Previous morphological studies have revealed that the cortexlike BLA contains two main cell-types: spiny pyramidal (or modified pyramidal) neurons and spine-sparse nonpyramidal neurons (McDonald, 1982 (McDonald, , 1992 . Amygdaloid "pyramidal neurons" constitute a broad, continuous morphological spectrum, from neurons that are virtually identical to cortical pyramidal neurons at one end to neurons that more closely resemble cortical spiny stellate cells at the other end of the spectrum. These studies also suggest that as in the cerebral cortex, it is possible to recognize bitufted/bipolar varieties of nonpyramidal cells on the basis of dendritic arborization patterns. Our analysis, therefore, used this framework (McDonald, 1982 (McDonald, , 1992 to analyze morphological effects of the CIS paradigm on three classes of BLA neurons: pyramidal, stellate, and bitufted/bipolar.
The same CIS paradigm that caused dendritic atrophy in CA3 pyramidal neurons in the hippocampus induced the opposite effect in BLA pyramidal neurons (Table 2) (Fig. 2C ). This increase (25% compared with control) in median dendritic length was investigated further using segmental analysis, and the results are presented in Figure 2 A. Segmental analysis in incremental steps of 20 m from the soma clearly shows that dendritic length of CIS-treated BLA neurons underwent the most pronounced increase within a distance of 60 -160 m from the soma (Fig. 2 A) . In this particular range of radial distance from the pyramidal cell soma, all dendritic length median values for the CIS-treated neurons were above the 75th percentile value for control neurons. The total number of branch points was also greater in CIS-treated pyramidal neurons [median(inter-quartile range) ϭ 15.0(3.2)] compared with control neurons [median(inter-quartile range) ϭ 13.5(4.2)] (Fig. 2C) . Representative camera lucida drawings of BLA pyramidal neurons for control and CIS animals are depicted in Figure 2 
B.
Similar to the morphological changes exhibited by pyramidal neurons after CIS, BLA stellate neurons (Fig. 3B ) also showed an increase in both total dendritic length and total number of branch points (Table 2 ). Segmental analysis (Fig. 3A) reveals that the most significant and pronounced increase in dendritic length occurred within a distance of 60 m from the soma. Furthermore, even in segments that did not exhibit a statistically significant difference, the CIS-treated stellate neurons tended to have higher median values relative to control neurons. In contrast to pyramidal and stellate neurons, bipolar/bitufted neurons were not affected by CIS ( Table 2 ). The overall efficacy of the CIS protocol in inducing dendritic remodeling was also analyzed by assessing its impact on the entire population for each of the three classes of BLA neurons. Cumulative frequency plots (see Fig. 5A ) of the entire database obtained from all three classes of BLA neurons clearly demonstrate that neurons with a wide range of dendritic lengths showed the same trends as their respective median values. This is particularly evident in BLA pyramidal neurons, where the increase in total dendritic length was evenly distributed across neurons with a wide range of dendritic lengths and was comparable to the increase shown by the median value for the distribution. Thus, in contrast to the lack of effect in the bipolar/bitufted neurons, CIS-induced increase in dendritic length appears to be occurring across the entire population of pyramidal neurons analyzed for the present study.
Effects of chronic unpredictable stress on dendritic morphology of amygdala neurons
The same three classes of BL A neurons that were studied in the CIS experiments were also analyzed after C US. In contrast to the CIS-induced effects, the morphological changes exhibited by BL A neurons following the C US paradigm were quite different. First, the C US paradigm only affected bipolar/ bitufted neurons in the BL A (Table 2) . Second, unlike the increase observed in dendritic parameters of pyramidal and stellate neurons after CIS, C US caused a significant decrease ( p Ͻ 0.05) in total dendritic length (Table 2 ). Table 2 also shows a significant difference in median dendritic length between control neurons of the CIS and C US groups. This may be attributed to the age difference between animals used in the two stress protocols.
Segmental analysis of CUS-induced dendritic atrophy of bipolar/bitufted neurons (Fig. 4 A) reveals that throughout the entire extent of the dendritic tree, the median values for the dendritic length for any particular segment were always smaller than the corresponding control values. The most significant reduction in dendritic length was evident within a distance of 40 m from the soma, as well as at a distance of 140 -180 m from the soma (Fig.  4 A) . The lack of any CUS-induced effects on BLA pyramidal and stellate neurons was borne out across the entire range of values for total dendritic length (Fig. 5B) .
Effects on body and adrenal weights
To compare the indices of dendritic remodeling with other measures of the effects of chronic stress, we monitored relative gain in body weight and relative adrenal weight. Percentage body weight gain was significantly ( p Ͻ 0.001; Student's t test) reduced after completion of the 10 d stress protocol for both CIS (CIS: Ϫ0.2 Ϯ 1.2%, n ϭ 34; control: 6.4 Ϯ 1.2%, n ϭ 36) and CUS (CUS: 2.7 Ϯ 2.0%, n ϭ 32; control: 15.1 Ϯ 1.3%, n ϭ 25) animals. Interestingly, only CIS caused significant adrenal hypertrophy (relative adrenal weight, CIS: 15.9 Ϯ 0.8, n ϭ 34; control: 13.6 Ϯ 0.7, n ϭ 34; p Ͻ 0.05; Student's t test). 
Anxiety response after chronic immobilization and unpredictable stress
Previous studies suggest that repeated restraint stress can have powerf ul enhancing effects on emotionality (Conrad et al., 1999) . Animals display distinct behavioral changes suggestive of an anxiety response after exposure to stress. Therefore, the behavioral response of CIS and C US animals in an anxiogenic environment was investigated using the elevated plus-maze and compared with control animals. CIS animals exhibited a significant ( p Ͻ 0.05; Student's t test) reduction in both percentage open-arm entries (CIS: 24.9 Ϯ 5.9%, n ϭ 10; control: 40.9 Ϯ 3.6%, n ϭ 10) and percentage time in open arms (CIS: 12.2 Ϯ 4.6%, n ϭ 10; control: 21.6 Ϯ 3.3%, n ϭ 10). Thus, the CIS animals made fewer entries and spent less time in the open arms of the maze than control animals, indicative of an enhanced anxiety response. In contrast, no significant effects were observed in C US animals for percentage open-arm entries (39.2 Ϯ 6.4%; n ϭ 10) and percentage time in the open arms (25.5 Ϯ 5.5%; n ϭ 10). We conclude that CIS induced significantly greater anxiety compared with C US and control animals (Vyas et al., 2001) .
DISCUSSION
This study explored two aspects of how chronic stress affects the hippocampus and amygdala. First, our goal in these experiments was to see whether chronic stress induces morphological changes in the amygdala and how they compare with those observed in the hippocampus (Watanabe et al., 1992 ). Second, we tested whether these stress-induced morphological changes follow the same general pattern across two very different regimens of chronic stress, CIS and CUS (Ortiz et al., 1996; Nibuya et al., 1999) . Our findings demonstrated that chronic stress induces contrasting patterns of dendritic remodeling in hippocampal and amygdaloid neurons. CIS elicited significant dendritic atrophy in hippocampal CA3 pyramidal neurons, but caused dendritic hypertrophy in BLA neurons. This CIS-induced enhancement in dendritic arborization was restricted only to BLA pyramidal and stellate neurons, which are presumably excitatory projection neurons (McDonald, 1982 (McDonald, , 1992 . Moreover, these patterns varied, depending on the type of chronic stress used. CUS, which only caused atrophy, was relatively less effective in remodeling CA3 pyramidal neurons and specifically affected BLA bipolar/bitufted neurons. Finally, CIS and CUS also differed in terms of their anxiogenic properties because CIS, but not CUS, reduced open-arm activity in the elevated plus-maze.
CIS is more effective than CUS in inducing dendritic atrophy in CA3 pyramidal neurons
Previous studies of the hippocampus as a target of stress and stress hormones have characterized essential features of struc- Figure 5 . Cumulative frequency plots summarizing the data for total dendritic length illustrating the contrasting effects of CIS ( A) and CUS ( B) on all BLA neurons. Pyramidal, left column; stellate, middle column; bipolar/bitufted, right column. The 50% mark (dashed line) for the total n in each plot represents the median value for the total dendritic length for the corresponding neuronal class. For clarity, the median values are marked with a solid vertical line (control: black; CIS or CUS: gray) in only those cases where there is a statistically significant difference relative to control. CIS induces a significant increase (right arrow) in total dendritic lengths of pyramidal and stellate neurons, without significant effect on bipolar/bitufted neurons. CUS causes a significant decrease (left arrow) in total dendritic length of bipolar/bitufted neurons, without affecting pyramidal and stellate neurons. tural remodeling in CA3 pyramidal neurons. The earliest reports established a rat model that demonstrated that 21 d of chronic restraint stress (6 hr/d) or 21 d of corticosterone treatment caused apical dendrites of CA3 pyramidal neurons to decrease in length and branching (Watanabe et al., 1992; Magarinos and McEwen, 1995b) . This pattern of apical dendritic atrophy was also observed in the tree shrew after chronic psychosocial stress (Magarinos et al., 1996) . The present study demonstrates that CIS for 10 d (2 hr/d) is capable of inducing a pattern of shortening and debranching of dendrites in hippocampal CA3 pyramidal neurons that is consistent with previous findings. Interestingly, although earlier studies have reported atrophy only in apical dendrites, our results indicate that CIS caused significant atrophy in basal dendrites as well. Complete immobilization, considered to be more severe compared with restraint stress, may be more effective in eliciting structural changes in both apical and basal dendrites. However, the degree of shortening and debranching induced by CIS was generally more pronounced in apical dendrites relative to basal dendrites (Table 1) .
Our findings also suggest that CUS was less effective compared with CIS in its ability to elicit dendritic atrophy (Table 1) . Although repeated restraint stress has commonly been used in past studies, there is a growing appreciation of the fact that repeated application of the same stressor can lead to habituation in the stress response (Melia et al., 1994) . Therefore, stress protocols, comprising a combination of different stressors, have been used to reduce such adaptive effects (Ortiz et al., 1996) . Studies using repeated unpredictable stress have been shown to elicit behavioral and biochemical changes that have not been observed with repeated predictable stress (Sapolsky et al., 1984) , but there is also evidence (Magarinos and McEwen, 1995a) indicating that repeated restraint stress and a chronic multiple stress paradigm produced the same degree of apical dendritic atrophy in CA3 pyramidal neurons despite differences in terms of the degree and time course of non-neural measures, e.g., habituation of the corticosterone response to acute restraint stress, body weight gain, thymus atrophy, and adrenal gland hypertrophy. This suggests that mediators in addition to adrenal steroids can influence the time course of an array of stress indices in a complex manner. It may well be that not all of the individual stressors used in our CUS paradigm work in concert to trigger similar temporal variations in stress indices that can lead to a robust morphological phenotype. In the present study, although both CIS and CUS were comparable in terms of reduced body weight gain, the CIS paradigm produced greater adrenal hypertrophy. This, in turn, is consistent with the greater magnitude of dendritic atrophy induced by CIS.
CIS enhances dendritic arborization in BLA pyramidal and stellate neurons
Having established the efficacy of our CIS regimen in producing morphological effects that match previous reports on the hippocampus, the novel and interesting observations of the present study came from our analyses of stress-induced morphological changes in the amygdala. The observed dendritic growth in the BLA is particularly interesting for several reasons. First, although pyramidal neurons appear to be one of the prime targets of the CIS-induced morphological changes in both hippocampus and amygdala, the changes were in opposite directions (atrophy vs hypertrophy). Second, the enhanced dendritic arborization in the BLA was not manifested uniformly across all neuronal classes (Fig. 5) because bipolar/bitufted neurons remained unaffected by CIS. Third, only the bipolar/bitufted BLA neurons were affected by CUS, and that too in the opposite direction compared with the CIS-induced hypertrophy. In other words, there are multiple levels of dissociation in our observations leading us to conclude that the two regimens of chronic stress have rather specific and contrasting effects within the hippocampal and amygdaloid circuitry.
On the basis of morphological studies, the BLA, which is described as a cortex-like nucleus of the amygdala (Swanson and Petrovich, 1998) , has been shown to contain a large number of spiny excitatory projection neurons, which are "pyramidal-like" (McDonald, 1982 (McDonald, , 1992 . According to recent studies characterizing the electrophysiological properties of morphologically identified amygdala neurons, pyramidal-like BLA neurons display some form of spike frequency adaptation or accommodation (Washburn and Moises, 1992; Rainnie et al., 1993; Chapman and Chattarji, 2000) . Interestingly, this accommodating firing pattern in BLA pyramidal-like neurons is also a salient feature of the firing patterns observed in hippocampal and neocortical pyramidal neurons (Connors and Gutnick, 1990) .
Our findings raise a particularly interesting issue concerning the cellular mechanisms by which CIS produced contrasting effects in CA3 and BL A pyramidal neurons that appear to be otherwise similar in terms of their action potential firing patterns and morphological properties. There is evidence for the involvement of excitatory amino acids and NMDA receptors, as well as serotonin, in hippocampal dendritic remodeling (Magarinos and McEwen, 1995b; Magarinos et al., 1999; McEwen, 1999 ). Serotonin has also been shown to modulate excitatory transmission in the amygdala in a corticosteronedependent manner (Stutzmann et al., 1998) . Moreover, glucocorticoids enhance calcium currents in the hippocampus (Kerr et al., 1992; Joels and Vreugdenhil, 1998) . Hence, it is quite likely that increased levels of intracellular calcium can act on the dendritic cytoskeleton to trigger structural changes. Thus, the observed differences in dendritic remodeling in BL A neurons may reflect a f undamental difference in the spatiotemporal dynamics of intracellular calcium after stress-induced physiological changes. Indeed, recent electrophysiological studies of amygdaloid long-term potentiation also point to some key differences in mechanisms of synaptic plasticity in the hippocampus and amygdala Chapman and Chattarji, 2000) . These differences in synaptic physiology and plasticity, in turn, can alter the cellular response to the same stressf ul stimulus and lead to contrasting forms of structural plasticity in the two areas.
Functional implications
What may be the behavioral consequences of the observed stressinduced morphological changes in the hippocampus and amygdala? Although some studies have reported spatial memory deficits after stress (Luine et al., 1994) or chronic corticosterone treatment (Bodnoff et al., 1995) , other studies (Conrad et al., 1999) suggest that stress might also impair memory through non-hippocampal mechanisms, such as enhanced emotionality. Furthermore, stress facilitates classical eye-blink conditioning (Shors et al., 1992) , and this facilitation requires activation of NMDA receptors in the BLA (Shors and Mathew, 1998) . Corticosterone injections have also been shown to potentiate fear conditioning (Corodimas et al., 1994) . A recent interesting study (Conrad et al., 1999) , which postulated that chronic stress would enhance cued conditioning but not context conditioning, showed that repeated restraint stress facilitates fear conditioning to both context and tone independently of causing hippocampal CA3 dendritic atrophy. The particularly relevant finding of this study was that the atypical antidepressant, tianeptine, failed to prevent enhanced fear conditioning and reduced open-field exploration after stress, although it did prevent neuronal atrophy in the hippocampus. This led the authors to conclude that chronic stress may have a powerf ul effect on the amygdala, which could override any influence of the hippocampus. Interestingly, CIS, in our study, also caused a significant increase in anxiety-like behavior in the elevated plus-maze. Recent studies have also led to the idea that aversive information relayed from the BL A to a part of the extended amygdala, i.e., the bed nucleus of the stria terminalis, may be involved in anxiety-like behavior (Davis and Shi, 1999) . Thus, stress hormones released as a result of stress-induced amygdala activity can strengthen the excitatory drive within the BL A and thereby influence subsequent information processing by the amygdala and its downstream targets. This suggests that chronic stress could lead to an imbalance in HPA axis f unction through a gradual loss of hippocampal inhibitory control as well as a gain in excitatory control exerted by the amygdala. Therefore, our observations on stress-induced dendritic remodeling in the amygdala may provide a potential cellular substrate for exploring stress-induced disorders that are characterized by diminished cognitive capabilities and abnormally high fear response.
